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The various groups of organisms associated with bats have caught the
interest of many investigators. Noteworthy is the review by Stiles and
Nolan (1931) in which all known parasites of bats were listed. Allen
(1939) presented a general introduction to the parasites of bats in which
he emphasized the arthropods. Other references to parasites of bats are
concerned with particular groups. In this paper I hope to acquaint the
reader with these groups and to indicate some of the interesting relationships that have been elucidated. The tremendous number of papers published concerning organisms associated with bats precludes the inclusion
of many of them in an article of this nature. However, the references
included have excellent citations which may be consulted for additional
detailed information.
Bats, as hosts to parasites, present a major habitat for several groups
of animals. Difficulty is frequently encountered in referring to the
relationships of these organisms that depend upon other organisms,
such as bats, for a substrate or nutrition, or both.
Sprent (1962) used the term "commensalism" to imply that certain
organisms were restricted in feeding within or upon another animal.
Commensalism, in this sense, could then be compared with such
ecological terms as marine, freshwater, and sylvatic. "Parasitic" implied
a particular form of nutrition and could be compared with such terms as
"predators" or "insectivorous." According to Sprent, many so named
parasites were commensals, for they utilized the host only as a substrate.
They were not actually in macromolecular contact with the cells of the
host and did not realize any nourishment from the living tissues of
the host.
Another source of difficulty lies in the occurrence of organisms
associated with bats. Audy (1958) and Camin (1963) referred to
those organisms which spent their life cycle on the host as Group I
organisms. These host-dwelling forms were usually transmitted by
direct contact between hosts ( e.g., lice, mites). Group II organisms
spent most of their life cycle in the immediate environment of the host
(roost). Bat bugs, fleas, ticks and bat flies fall into this category. Group
III organisms contacted the host only to feed, when the host was
distributed outside of the nest.
For organisms living inside bats one can refer to monoxenous
organisms, i.e., those having only one host; and heteroxenous organisms,
that have two or more species of host in their life cycles. An euryxenous
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organism occurs in many host species, whereas stenoxenous ones occur
in a few hosts. The population of a particular organism in a particular
bat can be referred to as a monodeme and the population in a local
aggregate (colony) of the same species as an ageledeme. The population in all bats is a xenodeme and that in all species of bats is a
topodeme (Levine, 1961).
Rivas (1964), Eichler (1966) and Friedmann (1967) have discussed
the concepts of sympatric and allopatric distribution in regard to 'parasitic' animals. These authors offer the terms Syntopic and Allotopic,
Synhospitalic ( or Homoxenia) and Allohospitalic (Alloxenia), to
distinguish the occurrence of two or more species on the same or
different host species.
A number of animal species have exploited the environment afforded
by bats. The arthropods, ticks, bat flies and most mites are classed as
motile or superficially attached ectoparasites. A few forms, such as
Paraspinturnix globosus- have invaded the anus and the penial opening.
According to a report of Jones ( this volume), a macronyssid bas
invaded oral mucosa of Leptonycteris nivalis.
The intestine, as pointed out by Read (1950) is an important habitat
and has been the major habitat exploited in bats by many organisms.
Unfortunately, there is little information available for bats concerning
oxygen tensions, available amino acids or other substances in this habitat
important to these organisms. All cestodes, most trematodes, and the
majority of nematodes occupy this habitat. A few organisms have
invaded out-pocketings of the intestine, such as the bile duct (Dicrocoelium) or urinary bladder ( Trichuroides). One group of nematodes,
the filariids, occur in mesothelial cavities while the larval stages
(microfilariae) are found in the circulatory system. The endothelial
cavity also forms a habitat for many protozoans.
ARTHROPODS

A number of Arthropods have representatives that occur on or in
bats. In brief, mites, ticks, fleas and specialized Diptera (bat flies, bat
bugs) all occur on bats. Several families of arthropods are restricted
entirely to bats, and these families are the Streblidae and Nycteribiidae
(Diptera), Arixeniidae (Dermaptera),
Polyctenidae (Hemiptera),
Ischnopsyllidae (Siphonaptera),
and the Spelaeorhynchidae and
Spinturnicidae (mites). In regard to the mites, two recent publications
are outstanding; Radovsky's (1967) monograph on the Macronyssidae
and Laelapidae parasitic on bats, and Rudnick's (1960) monograph
on a revision of the mites of the family Spinturnicidae.
Two mites, Macronyssus fiavus and Chiroptonyssus robustipes,
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occasionally cause a dermatitis in humans (Zumpt and Graf, 1950) or
are reported to attack man (Hoffman, 1944). The remaining species
apparently do not affect man.
Life cycles of several mites from bats have been determined. In the
life cycles of Chiroptonyssus robustipes and Steatonyssus antrozoi, as
elucidated by Radovsky ( 1967), the engorged females deposited
unembryonated eggs on the surfaces of the cage or roost. The emerging
larvae were weakly sclerotized, sluggish and moulted to protonymphs
without feeding. Protonymphs required a blood meal and subsequent
quiescent period before moulting. The deutonymphs were non-feeding,
inactive and moulted to form adults. The adults usually mated shortly
after the final moult. Ten to twelve days were required from egg to
adult. Most mites occurred on the dorsal surface and tail membrane.
Protonymphs always orientated towards the anterior margin of the wing.
They commonly occurred in groups of two or three, usually in column
formation but occasionally abreast. The mites were generally located
in the interdigital folds of the closed wing.
Skin reactions of bats to invasion by mites is of interest, for these
apparently are the only detailed reports of reactions by bat to parasites.
Several species of mites initiate reactions in the dermal tissues resulting
in the formation of cyst-like structures. According to Lavoipierre,
Rajamanickam & Ward (1967), the sarcoptid mite, Bakerocoptes
cynopteris, induced the development of cysts in Cynopterus brachyotis.
Each cyst contained a hypertrophied female, several males as well as
immature forms. The cysts consisted of an epithelial lined chamber
embedded in connective tissue of the wing membrane and remained
open to the exterior by a small opening. Lavoipierre & Rajamanickam
( 1968) studied host reactions of Cheiromeles torquatus to five species
of Notoedres. The characteristic skin reactions were 1) a severe hyperkeratosis and moderate acanthosis; 2) marked acanthosis; 3) severe
local hyperkeratosis; and 4) dermal hyperplasia. Local hyperkeratosis
characterized the reaction of Cheiromeles. Notoedres alexfaini and N.
longisetosus produced a generalized mange. N. cheiromeles, N. rajamanickami and N. elongatus produced discrete and distinctive lesions.
Ticks are generally poorly distributed on bats. Although ticks of
several genera are found on bats, probably only those of the genera
Ornithodorus and Antricola are true parasites of bats. Records of other
genera of ticks from bats probably represent accidental associations.
Two important references concerning ticks from bats are Cooley &
Kohls (1944) and Fairchild, Kohls & Tipton (1966).
Siphonaptera are represented in bats by only a few species from
several genera: Eptescopsylla, Myoaopsylla, Nycteriodopsylla, Sternop-
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sylla, Myodopsylloides, Ptilopsylla, Hormopsylla, Rhynchopsyllus and
Rothschildopsylla.
Tipton & Mendez ( 1966) reported that in Panama the flea fauna
was much richer at elevations above 5000 feet than at lower elevations.
The only bats consistently found to have fleas all lived in closely knit
colonies, i.e., Myotis nigricans, Tadarida yucatanica, T. braziliensis and
Molossus coibensis. These mollossids lived under roof tile or in low
ceilinged caves only a few inches from their droppings which contained
the larval fleas. The presence of fleas on bats is generally determined
by the roosting habits of the bats (see paper by Dalquest & Walton,
this volume) .
Bat bugs, Cimex, Paracimex are euryxenous Group II organisms that
primarily occur in the immediate vicinity of the roosting bats. They
are occasionally seen on flying bats (Allen, 1939). Little is known of
their biology.
Bat flies are an extremely interesting group of animals that show
various degrees of specialization for parasitism. Two families, Streblidae
and Nycteribeidae, are widespread on bats. Most are winged forms,
although some have reduced wings; and one genus, Ascodipteron,
contains species that have invaded the skin. Apparently no one has
described the tissue reactions of the bats to Ascodipteron. Wenzel, Tipton & Kiewlicz (1969) have reviewed the streblids of Panama. This very
excellent reference contains much material on the ecology, taxonomy
and evolution of the streblids. Based on the distribution and speciation
of streblids on bats, these authors have suggested several changes in
the systematics of the bats. According to their results, the Sturnirinae
should be included in the Stenoderminae and the Chilonycterinae should
be elevated to familial level and placed near the Furipteridae and
Natalidae.
There appears to be a relationship between population densities of
Streblidae and the roosting habits of the bat host. Population densities
of Streblidae are high in bats which roost in large colonies in long
established sites, and low in bats which roost in small numbers in new
or temporary sites, particularly in exposed ones. As Wenzel, Tipton &
Kiewlicz ( 1966) have indicated, bats such as Pteronotus which roost
in large colonies have high population densities of Streblidae, while
bats like Thyroptera, which roost in small numbers in rolled leaves of
bananas, lack streblids. There are many variations between these
extremes. Tonatia which roost in small-sized family groups have welldeveloped population densities of streblids. However, as Wenzel, et al.
pointed out, these bats usually roosted in Nasutitermes nests abandoned
by parrots. These enclosed, used nests of parrots probably reduced
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the hazards of being separated from the host, as well as provided a more
stable micro-climate. Similarly, the streblid fauna of Micronycteris
megalotis appears to be influenced by the roosting sites. M. megalotis
roosts in small numbers inside tree holes and hollow logs and in habitats
disturbed by man ( culverts, buildings). Streblids occurred in highest
densities on undisturbed roosts.
ADAPTATIONS

OF ARTHROPODS

Arthropods that utilize bats as a substrate throughout their life cycle
(Group I) or only during feeding ( Groups II or III) show remarkable
adaptations. Mites are extremely small and flattened dorso-ventrally.
They generally occur in the interdigital folds of the closed wing, in
columns. They attach to the skin of the wing by the mouth parts and
the claws of legs II, facing the anterior margin. Orientation to the
anterior margin may serve (Radowsky, 1967) to reduce the effect of air
movement on the mites as well as to reduce the effect of the mites on the
flight of the bat. Location on the dorsal surfaces and in the interdigital
folds allows the mites relative amounts of protection from preening
attempts of the host. The mites are exposed only when the wing is
outstretched.
Fleas are compressed laterally; this allows them to move through
the hairs of the bat extremely rapidly, and they are generally confined to
the pelage. Larger arthropods, such as bat bugs, usually attach to areas
of the l-ody which are difficult for the bat to preen.
Few accounts of preening activities of bats are known. Certainly,
bat flies, ticks, especially engorged females, bed bugs, could be removed
by catching and swallowing. The incisors of bats are of unique structure (see Slaughter, this volume, Fig. 3), and probably not related
to diet. Their structure suggests that they may serve as an adaptation
for removing mites. The occurrence of mites in folds of the wing membranes may be regarded as a behavioral adaptation for parasitism.
PROTOZOA

In their review of parasites of bats, Stiles & Nolan ( 1931) listed 10
genera of protozoans: Leishmania, Tryanosoma, Schizorypanum,
Treponema, Eimera, Plasmodium, Grahamella, Achromaticus, Babesia
and Bartonella. Of these genera, only Leishmania (L. donovani) and
Treponema (T. duttoni) from Epomophorus, and Trypanosoma (T.
gambiense) from Epomophorus and Pterocyon, were transmissible to
man.
New species of protozoans from bats have been described since
Stiles and Nolan, but generally the protozoan fauna has been neglected.
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Krampitz & Anciau Faveus (1966) have studied morphological peculiarities of three species of Haemosporidia; Hepatocystis epomopheri,
Polychromophilus congolensis and Nycteria medusiformis. The structural conformities of these protozoans were reported to be greater the
closer the systematic relationships of their hosts.
Most work with bat protozoans has concerned Trypanosoma cruzi,
primarily because of its importance as a zoonotic disease. Clark &
Dunn ( 1932), working on Chagas' disease in Panama, reported that
certain trypanosomes in bats were identical with Trypanosoma cruzi.
Their report attracted considerable attention and led to a number of
investigations on bat protozoa-particularly trypanosomes. The vampire
bat, Desmodus, was soon implicated in the transmission of T. equinum
and T. hippicum to domestic animals such as horses (Johnson, 1936,
Acosta & Romana, 1938).
Wood (1952) summarized the bats of southwestern United States
that had been reported to be infected with trypanosomes. Marinkelle
( 1966a, b) reported that 11 % of 2000 bats representing 16 species
from tropical America were infected with trypanosomes, and 3 3 isolated
cases were biologically proved to be T. cruzi. Furthermore, T. cruzi
from a human source and from bugs, Rhodnius prolixus, were infective
to laboratory-maintained fructivorous bats, Phyllostomus, Carollia,
Glossophaga and Artebeus. Additionally, Marinkelle found that male
bats infected with T. cruzi had an elevated temperature of 7°to 11 °C.
Examination of several species of bats from the Black Gap Wildlife
Area, Texas, has revealed trypanosomes resembling T. cruzi in Pipestrellus hesperus maximus and Tadarida braziliensis. The finding of
trypanosomes, which are probably T. cruzi, in migratory bats may be
important in epidemology of the disease. Bats may provide an avenue
by which the trypanosomes are introduced into the United States.
HELMINTHS

Trematodes
Trematodes that occur in bats are an extremely large group, and
although notoriously difficult to handle, more information on life
histories and zoogeographic distribution is known for them than for
any other group of endoparasites. The trematode fauna of bats is
further characterized by its diversity. While most forms dwell in the
intestine, a few are restricted to other habitats, such as the gall bladder
and biliary tubules of the liver (Dicrocoelium, Metadelphis).
A few trematodes are morphologically unique to the class, such as
Anenterotrema which completely lacks a pharynx, esophagus, and ceca.
Most forms, however, are easily recognized as trematodes. One trema-
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tode, Plagiorchis muris, a common parasite of rats and mice, is also
known to occur in bats, Nyctalus lasiopterus, and man (McMullen,
193 7). If all identifications are correct, P. muris is the only helminth
that bats may share with man, other than Heterophytes heterophytes
as reported by Macy (1953).
Life cycles have been elucidated for four genera and eight species.
Acanthatrium oregonense developed in Oxytrema silicula or Flemenicola (Knight & Pratt, 1955). Cercariae were virgulate xiphidocercariae
produced in sporocysts. Cercariae penetrated the chitinous covering of
caddis-fly larvae, and did not encyst until the insect larvae metamorphosed. Chiropteran hosts acquired the trematode after metamorphosis of the insect ( Myotis evotis, M. californicus, M. lucifugus).
Acanthatrium sp. studied by Etges (1959) had a similar cycle. Snails,
Anaplocamus dilatatus, served as first intermediate hosts. Cercariae
penetrated abdominal gills of mayfly nymphs, H exagenia. Excystment
occurred at the time of the sub-in1aginal molt regardless of the age of
the cercariae, and was necessary for establishment in experimental mice.
The life cycle of Prosthodendrium chilostomum has been partially
determined (Brown, 1933). Xiphidocercariae wandered for approximately eight months in hemocoels of caddis flies, Phryganea grandis,
and encysted in the thoracic muscles after pupation. Probably unnatural
hosts, Limnophilus rhombicus, did not stimulate encystment during
pupation. Skriabine (1915) reported that the metacercariae were progenetic.
Allassogonoporus marginalis occurs in the bats Myotis lucifugus,
M. californicus, Eptesicus fuscus and muskrats. The life cycle involves,
according to Knight & Pratt (1955), the snails Oxytrema silicula or
Flumenicola virens; virgulate xiphidocercariae are not free swimming.
Cercariae are attached to gills of caddis fly larvae. A mucous secretion
surrounded the cercariae before penetration and encystment occurred
immediately.
Plagiorchis microcanthus Macy, 1931, occurs in the Vespertilionidae
in North America. Sporocysts occurred in Stagnicola emarginata
angulata; cercariae possessed stylets and simple tails; metacercariae
developed precociously in the snail but occurred in insect naiads which
probably represented the more natural host (McMullen, 1937).
Plagiorchis vespertilionis occurs in numerous bats throughout the
world. Sporocysts occurred in Lymnaea stagnalis: xiphidocercariae
encysted in larvae of Ephemeria, Trichoptera, mosquitoes ( Culex) and
dragonfly nymphs. White mice could be infected. Macy (1960) gave
this trematode subspecific rank instead of that of a separate speciesparorchis as he had previously indicated (Macy, 1956).
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P. rhinolophi occurs in Rhinolophus ferrum equinum. According to
McMullen (1937), xiphidocercariae developed in Stagnicola emarginata
angulata, encysted in larvae of chironomids, mayfly, mosquitoes, and
naiads of dragonflies.
The best known life cycle is of P. muris Tanabe, a common parasite of
rats and dogs, but also reported from Nyctalus lasiopterus (N. maximus
aviator). Lymnaea pervia, Stagnicola emarginata and Lymnaea
japonica serve as first intermediate hosts. In the two former hosts,
xiphidocercariae encysted in sporocysts and in Chironomus sp. (Tanabe,
1922, McMullen, 1937). Metacercariae from sporocysts encysted in
man, rats, mice and pigeons produced eggs 7-9 days after infection.
Specificity: At least forty-two genera of trematodes have been
reported from bats. Twenty-one of these genera are restricted entirely to
bats (Table I); eighteen also occur in other mammals, four in other
mammals and birds, one in mammals, birds, reptiles and amphibia; and
the genus Crepidostomum occurs in bats, reptiles and fish.
Holmes (1968) reported that 82% of more than 120 species were
limited to bats; 9% were reported only accidentally in other animals,
5 % were regarded as occurring accidentally in bats, and 4 % occurred
normally in both bats and other animals.
Although the trematode fauna is highly specific to bats, most species
of bat trematodes have wide host ranges. Holmes ( 1968) reported that
Mesotretes apparently is limited to the intestines of Rhinolophus spp.,
and Pycnoporus generally (17 of 23 reports) are found from Pipistrellus spp.
Trematodes of bats have been reported in each zoogeographic region
where bats occur except Australia. Holmes (1968) has pointed out
that there are more connections between adjacent zoogeographic regions
than between east-west connections. Most trematodes of bats in North
America show no relationship to biotic associations.
Influence of migration on the trematodes of bats has not been carefully studied. One bat, however, Tadarida brasiliensis, migrates from
southwestern Mexico (neotropical) north into the southern United
States (nearctic). At least six neotropical species of trematodes,
Limatulum oklahomensis, Tremajoannes buckleyi, Dicrocoelium rileyi,
Paralecithodendrium carlsbadensis, Ochoterenatrema diminutum and
probably 0. labda are also present in the nearctic, but only within the
range of T. brasiliensis.
The erratic specificity and distribution of bat trematodes may be
best explained by the food preferences of specific bats. No trematodes
have been reported from bats that feed on blood, nectar or pollen. A
few trematodes are known from fructivorous bats. Holmes ( 1968)
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TABLE I
Occurrence of Genera of Trematodes in Bats and Other Animals
Trematode Genera
occurring in Bats
and other Animals

Allassogonoporus
Plagiorchis
Lecithodendrium
Urotrema
Notocotylus
Tremajoannes
Papillatrium
Athesmia
Cephalotrema
Pos orchigenes
Odeningotrema
Pygidiopsis
Crepidostomum
Posthodiplostomum
Anchitrema
D icrocoel ium
Heterophytes
Parametadelphis
Metadelphis
Euparadistomum
Maritrema

Other
Mammals

Muskrats
Many
Rodents

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Birds

Reptiles

+
+
+

+

Amphibia

Fish

+

+

+
+

+

+
+

+

+

Trematode Genera Occurring Usually in Bats
Mesotretes
Limatulum
Retortosacculus
Parabascoides
Acanthatrium
Anenterotrema
Ochoterenatrema

Paralecithodendrium
Gyrabascus
Maxbraunium
Prosotocus
Pycnoporus
Mesothatrium
Castroia

Ophiosacculus
Parabascus
Prosthodendrium
Vesperugidendrium
Renschetrema
Skrjabinodendrium
Novotrema

reported that a fish eating bat (Noctilio leporinus) was infected with a
species of strigeid, Posthodiplostomum nanum, and a species of heterophyid, Pydigiopsis macrostomus. N. leporinus is the type host of
Urotrema scabridum.
Most bat trematodes occur in bats that are omnivorous or insectivorous. Differences in the parasite burden are reflected in the feeding
habits of the bat hosts. As shown in Table 2, Eptesicus fuscus is host
to more trematodes than Tadarida brasiliensis. T. brasiliensis feeds
primarily on moths with less than 1 % of its diet composed of insects
with aquatic larvae. Eptesicus feeds upon slow-flying insects, primarily
beetles, but more than 15 % of its diet is composed of insects with
aquatic larvae (after Holmes, 1958).
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TABLE 2
Trematodes Reported from Eptesicus fuscus and
Tadarida brasiliensis
Eptesicus fuscus

Tadarida brasiliensis

Acanthatrium beuschleini
A. amphidymum
A. oligacanthum
A. eptesici
A. micracanthum
Pychoporus travassosi
Plagiorchis micracanthus
Plagiorchis vespertilionis
Prosthodendrium macnabi
P. longiforme
P. naviculum
P. nokomis
P. alicatai
P. microacanthum
P. mizellei
Urotrema scabridum

Plagiorchis vespertil ion is
Dicrocoelium rileyi
Urotrema scabridum
Ochoterenatrema labda
Tremajoannes buckleyi
Paralecitbodendrium carlsbadensis
Limatulum oklabomensis
Acanthatrium eptesici
A. alicatai
Prosthodendrium naviculum

One particular trematode, Dicrocoelium rileyi, is of interest for it
occurs commonly in Tadarida and is limited entirely to this species.
Those dicrocoelids whose life cycles have been elucidated, utilize snails
or ants as second intermediate hosts. The specialized feeding habits of
Tadarida and the high incidence of Dicrocoelium rileyi suggests that
moths may serve as second intermediate hosts.
winter hibernation, the helminth
Effect of hibernation.-Following
is apparently low. The helminth
climates
burden of bats in temperate
burden increases until autumn or early winter. However, Manter &
Debus (1945), Gilford ( 1952) and Nickel (1968) have demonstrated
that hibernating bats do retain a trematode fauna of considerable
number and variety.
NEMATODES

Nematodes have been more successful in invading the environment
offered by bats than any other group of helminths. Nematode species
have invaded the habitats of the intestine, urinary bladder (Trichuroides), body cavity (filariids), and circulatory system (microfilaria).
Although more than 100 species of nematodes have been described
from bats, they are rather poorly known. No life cycles of any nematode
from bats have been elucidated.
The nematode fauna of bats is highly specific, more-so than the
trematodes or cestodes. Of the more than 100 species which have been
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described, approximately 90% are present exclusively in bats. The
species are divided into twenty-five genera (Table 3). The arrangement
of genera follows Chabaud (1965a, b, c, d); the numbers after the
genera indicate the number of species occurring in bats (first number),
and the number of species in the genus (second number). With minor
exceptions these numbers are taken from Yamaguti (1961).
Several genera, such as Contracaecum, Spirocerca and Ascarops, are
only represented in bats as larvae. Bats become infected when they
accidentally ingest intermediate hosts (fish in the case of Contracaecum;
various insects such as Passalus; dung beetles or cockroaches for the
last two genera). Alicata & McIntosh (1933) experimentally demonstrated A. strongylina larvae in Lasiurus borealis.
Of the 24 genera that are found as adults in bats, seven genera have
species that occur in other hosts (Table 4). Three genera, Capillaria,
Physoloptera, and Rictularia contain many species and have a broad
host spectrum.
Fourteen of 24 genera that occur in bats are members of the superfamily Trichostrongyloidea. Two families in this superfamily, the Strongylacanthidae and Ollulanidae, are all essentially parasites of bats; the
other four families, Trichostrongylidae, Heligomosomatidae, Dictyocaulidae, and Amidostomatidae, have no species that occur in bats.
The Strongylacanthidae represent a very primitive group of trichostrongylids. The placing of the genus Strongylacantha in the Ancylostomatidae reflects the superficial relationship of those groups. Dougherty (1951) and Chaubaud believed that the trichostrongyloids evolved
from primitive strongylids. The most primitive trichostrongylid appears
to be Strongylacantha. The genera Biacantha and Parahistiostrongylus
represent intermediate types between Strongylacantha and the other
genera of Trichostrongylidae.
The distribution of Strongylacanthidae in bats (Table 5) shows little
relationship to modern bat systematics. Strongylacantha occurs in
Rhinolophus, but also occasionally in Mineopterus. Parahistiostrongylus
occurs in Myotis sp. in the Old World, Biacantha desmoda occurs in
Desmodus rotundus, and D. rufus, and B. silvai in Natalus Lepidus.
Since many nematodes have indirect life cycles, bats that feed on
blood, pollen and nectar generally are parasitized by nematodes
(trichostrongylids) that probably lack intermediate hosts. Eggs passed
in feces from roosts probably hatch releasing larvae that penetrate the
skin of bats directly when in contact. Several fungi, especially Philobolus, are important in transporting larval nematodes to hosts that
do not come into direct contact with fecal material. Larvae develop
to the infective stage and migrate to the surface of the fecal material
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TABLE 3
General Classification of Nematodes Occurring in Bats

Class Secernentasida
Order Rhabditides
Family Cyclindrocorporidae
Longibucca-2,
2
Order Strongylida
Superfamily Trichostrongyloidea
Family Ollulanidae
Bidigiticauda-1,
1
Family Strongylacanthidae
Subfamily
Strongylacanthinae
Strongylacantha-3,3
Biacantha-2,
2
Parahistiostrongyl us-I,
Histiostrongylus-2,
2
Tricholeiperia-4,
4
Torrestrongylus-1,
I
Spinostrongylus-2,
2
Subfamily
Anoplostrongylinae
Nycteridostrongylus-1,
Anoplostrongylus-1,
1
Allintoshius-2,
2

Parallinthoshius-2,
2
Molinostrongylus-11,
1I
Cheiropteronema-1,
1
Order Spirudida
Superfamily Spiruroidea
Family Spiruridae
Ascarops-1 ?, 5
Rictularia-5,
45
Spirocerca
Superfamily Filarioidea
Family Onchocercidae
Migonella-1
Litomosoides-6,
8
Litomosa-5,
6
Order Ascarididea
Family Anisakidae
Contracaecum-1?,
I0
Class Adenophorea
Superfamily Trichuroides
Family Trichuridae
Capillaria-19,
88
Skrjabinocapillaria-1,
Trichuroides-1,
1

at nearly the same time as the sporangiophores of Pilobolus appear.
Under stimulation of changes in illumination, the fungus discharges its
sporangia. The larvae of the nematode which have ascended the
sporangiophores are thrown to the surrounding area, sometimes as far
as 15 feet.
Filariids, such as Litomosoides which occur in bats and rodents,
employ mites as vectors. The adults occur in the body cavity, and are
viviparous; microfilaria appear in circulating blood where they are
obtained by mites.
Spiruriids generally employ insects as intermediate hosts, usually
cockroaches or beetles.
Some nematodes have solved the problem of interspecific competition
in an interesting manner. Two species of nematodes, A llintoshius
nycticeius, and A. travassosi occur in Nycticeius humeralis. A. nycticeius
appears to be limited to the northern United States and A. travassosi
to the Southwest. When these species occur in the same local colony
in Iowa, A. nycticeius occurs in juvenile bats, A. travassosi in adults.
Wenzel & Tipton (1966) have discussed coexistence and competitive
displacement in regard to synoxenous species of Strebla on Plyllostomus,
and were able to suggest that the displacement of one species might be
related to the roosting sites and/or population structure of the host,
which rendered the host more suitable.
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TABLE 4
Host Distribution of Nematode Genera with Species Occurring in Bats
Genus

Capillaria
Longibucca
Physaloptera
Rictularia
Seuratum
Litomosa
Litomosoides
Skrjabinocapillaria
Tricburoides
Bidigiticauda
Parallintoshius
Spinostrongylus
Histiostrongylus
Strongylacantha
Allintoshius
Anoplostrongylus
Biacantha
Cheiropteronema
Molinostrongylus
Nycteridostrongylus
Torrestrongylus
Tricholeiperia
Monovaria
Migonella
Contracaecum
Spirocerca
Ascarops

Rodents Insectivores

+
+
+
+
+
+

Others

Birds

+
+
+

+
+

+
+
+

+

+
+
+

Reptila Amphibia

+
+
+

+

CESTODES

The literature pertaining to cestodes of bats is sparse when compared
to that for other helminths. All accounts, to my knowledge, are limited
to taxonomic considerations.
Until 1954, most cestodes from bats were included in the heterogenous genus, Hymenolepis; however, Spassky (1954) removed them
to the genus Vampirolepis. His work has been accepted by Yamaguti
(1959). Recent workers of cestodes of bats have either followed
Spassky (Sawada, 1966, 1967a, b,c, 1968; Yamaguti, 1961); or have
not (Prudhoe & Manger, 1969; Joyeux & Baer, 1961).
Only cestodes from two families of the order Cyclophyllidea have
been reported from bats: Anoplocephalidae and Hymenolepididae. The
family Anoplocephalidae contains six species that are parasitic in bats,
i.e., Cycloskrajabinia taborensis, C. sp. of Rysavy (1956), 0ochorestica
antrozoi, 0. nyctophili, 0. kerivoulae and 0. immatura. Flores-Barroeta,
Hidalgo & Brenes ( 19 5 8) redescribed O. antrozoi from a 'toloque'
lizard.
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TABLE 5
Distribution of Nematoda Genera of the Family Strongylacanthidae
Nematode

Histiostrongylus
Spinostrongylus
Parallintoshius
Bidigiticauda
Strongylacantha
Allintoshius
Anoplostrongylus
Biacantha
Cheiropteronema
Nycteridostrongylus
Torrestrongylus
Tricholei peria
Parahistostrongylus

Genera

Bat Genera

Phyllostomus, Chilonycteris, Phyllonycterus
Taphozus
Myotis and Nyctinomus
Tadarida, N atalus
Artibeus
Rhinolophus, Miniopterus
Nycticeius
Tadarida, Promops
Desmodus, Natalus
Artibeus
Miniopterus, Myotis, Eptesicus, Plecotus,
Rhinolophus, Nyctalus, Vespertilio
Miniopterus
Macrotus, Chilonycteris,
Tracops, Natalus, Noctilio, Tadarida
Myotis

Eight genera of Hymenolepididae have been reported in bats. Three
genera, Tridontolepis, Myotolepis and Pseudoligorchis, each contain
only two or three species. The last two genera are restricted completely
to bats. Tridontolepis contains two species: T. tridontophora from
Neomys, Sorex and Crocidura, and T. miniopteri from Miniopterus
blepotis.
Three additional genera, Hymenolepis*, Rodentolepis and lnsectivolepis have only a few species occurring in bats, i.e., I. yosidai Sawada
from Rhinolophus cornutus, H. minimedius Johri from Pteropus, H.
parvus Sawada from Rhinolophus ferrumequinum and H. odaensis
Sawada from Mineopterus schreibersi and R. ferrumequinum. The two
remaining genera, Vampirolepis and Staphylocystis contain many species
in bats. The former genus has been reviewed recently by Sawada
(1966).
In regard to specificity, Hymenolepis, Rodentolepis and lnsectivolepis
are restricted to rodents or insectivores, with a few species occurring
in bats. The species in these genera show no host overlap, i.e., those
species occurring in bats are not recorded from rodents or insectivores.
The genera V ampirolepis and Staphylocystis have a more diverse
host spectrum. One species, S. bacillaris ( Goeze) has been recorded
*Since early workers placed all Hymenolepidae from bats into the genus Hymenolepis, two species from bats, inadequately described, H. moniezi Parona, 1893
in Pteropus medius, of Bombay, and H. procera Janicki, 1904 in Myotis terrestris from Switzerland, are not considered in this paper.
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from Coiadura coeradea, Scalops aquaticus, Talpa europaea, and
Nyctalus maximus from Europe, Africa, North America, and Japan.
No life cycles of cestodes from bats have been elucidated; however,
in other species such as V. nana, life cycles are well known and in all
cestodes known from bats; cysticercoids probably occur in various
beetles.
Although reports of trematodes are absent from bats that utilize
blood, nectar or pollen, some cestodes are known from pollen feeders.
Oochoristica immatura occurs in Glossophaga soricina in Brazil. There
are apparently no records of cestodes from sanguinivorous or piscivorous
bats. A few cestodes are recorded from fruit eaters, Hymenolepis
hipposideri from Hipposideros pomona and H. cinereus; Pseudolegorchis
magnireceptacula from Pteropus vampyrus. The vast majority of cestodes, however, occur in insectivorous bats.
ACANTHOCEPHALA

Only a single species of Acanthocephala, Prosthenorchis novellae
(Parona, 1890) has been reported from bats (Artibeus jamaicensis)
from Puerto Rico. The genus, Prosthenorchis, contain species commonly of monkeys, occasionally birds. Larval stages of a related P.
spiula from monkeys is reported to occur in cockroaches, Blattella
germanica.
SUMMARY

The internal environment provided by the various species of bats in
the order Chiroptera has been widely exploited by invertebrates.
Some groups, such as Acanthocephala and protozoa like Eimera, are
limited to the intestine which also serves as a habitat for many trematodes and nematodes. Some trematodes, however, are found in the
bile duct and bladder; while some nematodes are reported in urinary
bladder, body cavity or blood stream. The latter habitat is often utilized
by protozoa. The exterior surface of bats provide habitats for many
invertebrates, particularly mites, ticks, and bat-bugs. Some of these
predominantly ectoparasites have invaded body orifices, or invade the
tissues directly.
Of all invertebrates associated with bats, only the protozoa are of
public health importance. Trypanosoma cruzi of bats in South America
which has been identified as pathogenic to man, is now known from
bats in Texas.
Life cycles, host specificity and distribution of ecto- and endoparasites
are presented. Various adaptations for maintaining parasites are
discussed.
Department of Biology, Southern Methodist University, Dallas, Texas 75222.
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